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(54) Floating seal in an earth boring 
bit 

(57) An earth boring bit has a bearing 
seal that floats to accommodate 
angular and axial movement of the 
cutter 31 with respect to the shaft 1 5. 
The seal is located in an annular 
groove 1 7 formed in the shaft 1 5. A 
supporting ring 23 is located in the 
groove 1 7. The supporting ring 23 has 
an inner diameter larger than the inner 
diameter of the groove 1 7 to provide a 
clearance for allowing the supporting 



ring to float. An elastomeric ring 29 is 
located on the outer circumference of 
the supporting ring 23. The supporting 
ring 23 presses the elastomeric ring 
into sealing contact with the cutter. A 
backing ring 27 is provided between 
the elastomeric ring 29 and one wall 
of the groove 1 7, the back-up ring 27 
preventing cuttings formed during 
boring operations from coming into 
contact with the elastomeric ring 29. 
The ring 29 is under compression 
between the back-up ring 27 and the 
opposing wall of the grooves. 
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SPECIFICATION 

Floating seal for earth boring bit 

This invention relates in general to earth boring 
bits, and in particular to a bearing seal for earth 
5 boring bits. 

This invention concerns particularly the type of 
earth boring bit that employs three rotatable 
cutters mounted on depending bearing shafts, 
Each conical cutter rotates on its bearing shaft as 

1 0 the drill bit is rotated. The cutter has teeth of 
tungsten carbide inserts on its exterior for 
disintegrating the earth. The bearings are usually 
either a journal type, or they may employ roller 
bearings. The bearings are supplied with lubricant 

1 & and sealed by an elastomeric seal located in a 
groove formed in the bearing shaft at its base. 

Because of tolerances, particularly with the 
roller bearing type bearings, the cutter will have 
radial, axial and angular movements relative to the 

20 bearing shaft. The seal, which usually is in sliding 
contact with the cutter, will experience varying 
degrees of pressure because of this movement, 
tending to cause leakage. There have been several 
proposals in the past to provide a floating seal that 

25 is able to move radially to accommodate the 
cutter movement. 

Summary of the Invention 

This invention provides an improved floating 
seal for the bearings of an earth boring bit. In the 

30 preferred embodiment, a groove for the seal is 
formed in the shaft near its intersection with the 
head section. A supporting ring is located in this 
annular groove. Preferably, the supporting ring is a 
split ring that can be expanded for installation, 

35 however, has a minimum diameter. The minimum 
diameter is greater than the inner diameter of the 
groove, providing an annular clearance on the 
inside of the supporting ring to allow it to float. 
An elastomeric ring is located on the outer 

40 circumference of the supporting ring, and 

preferably is an O-ring. The supporting ring urges 
the elastomeric ring into sealing and sliding 
contact with the cutter. Means are provided to 
prevent the O-ring from moving along the axis of 

45 the shaft and for providing sealing against the 
sides of the O-ring. In the preferred embodiment, 
this consists of a backup ring, which squeezes the 
O-ring against the sides of the groove and also 
protects the O-ring from cuttings. 

50 Brief Description of the Drawings 

Fig. 1 is a partial vertical sectional view of an 
earth boring bit constructed in accordance with 
this invention. 

Fig. 2 is an enlarged vertical sectional view of 
55 part of the bearing seal of the earth boring bit of 
Fig. 1 . 

Fig. 3 is a sectional view of the earth boring bit 
of Fig. 1 , taken along the line III — III of Fig. 1 . 

Description of the Preferred Embodiment 
60 Fig. 1 illustrates an earth boring bit 1 1 

particularly constructed for drilling blast holes for 



mining. Earth boring bit 1 1 has three head 
sections 1 3 (only one shown), which are 
subsequently welded together. Each head section 

65 1 3 has a depending bearing pin or shaft 1 5. An 
annular groove 1 7 is formed in shaft 1 5 at its 
intersection with head section 13. Groove 1 7 is 
rectangular in transverse cross-section, as shown 
in Fig. 1 , with a depth about the same as its width. 

70 Groove 1 7 is formed normal to the axis of shaft 
15. 

Referring to Fig. 2, groove 1 7 has a cylindrical 
base or inner diameter 1 9, and inner and outer 
sidewalls 21 and 22 that are parallel with each 
75 other and normal to base 1 9. A supporting ring 23 
is placed inside groove 1 7 during assembly. 
Supporting ring 23 is preferably metal, and is cut 
into at a single point 25, as shown in Fig. 3, for 
installation. Although supporting ring 23 is stiff, 
80 the separation at point 25 enables ring 23 to be 
expanded for insertion over shaft 1 5. Once over 
groove 1 7, the resiliency of ring 23 will cause the 
ends of support ring 23 at point 25 to close 
together as shown in Fig. 3. After installation, the 
85 ends of ring 23 could be tack welded back 

together, if desired. Once installed, ring 23 will be 
incontactable, defining a minimum diameter of 
ring 23. Ring 23 is cylindrical and has a width that 
is slightly less than the width of groove 1 7 to 
90 allow it to move radially in groove 1 7. The inner 
diameter of ring 23, when at its minimum 
diameter position shown in Fig. 3, is greater than 
the diameter of base 1 9 by about 1/1 6 inch. This 
results in an empty annular space or clearance 
95 between ring 23 and base 1 9 for allowing ring 23 
to float or move radially with respect to shaft 1 5. 
The outer diameter of ring 23 is less than the 
outer diameter of groove 1 7 defining an annular 
cavity in groove 1 7 on the outer circumference of 

100 ring 23. 

A backup ring 27, preferably of an elastomeric 
material, is located in groove 1 7, with its inner 
circumference in contact with the outer 
circumference of ring 23. Backup ring 27 is 

1 05 rectangular in cross-section and has a cross- 
sectional width that is about one third the width of 
groove 1 7. The cross-sectional height of backup 
ring 27 is selected so that its outer circumference 
extends above groove 17. 

110 Sidewall 21, supporting ring 23 and backup 
ring 27 define an annular space for receiving an 
elastomeric ring, preferably a conventional O-ring 
29. 0-ring 29 is circular in transverse cross- 
section, as shown in Fig. 2. The transverse cross- 

1 1 5 sectional diameter of O-ring 29 is slightly greater 
than the cross-sectional width of the annular 
space provided between backup ring 27 and 
sidewall 21 , to provide sealing and prevent axial 
movement of O-ring 29. The outer diameter of 

1 20 O-ring 29 is selected so that it will extend above 
the top of groove 17a selected amount. The inner 
diameter of O-ring 29 is the same as the outer 
diameter of supporting ring 23. In the preferred i 
embodiment, O-ring 29 is softer than backup ring 

1 25 27, preferably about 90 durometer for backup ring 
27 and 70 — 80 durometer for O-ring 29. 
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Referring again to Fig. 1 , a cutter 3 1 of 
generally conical configuration is mounted 
rotatably on shaft 1 5. Cutter 31 has a plurality of 
cutting elements, such as sintered tungsten 
5 carbide inserts 33 on its exterior. Cutter 33 has a 
central, axial cavity 35 that receives shaft 1 5. An 
annular backface 37 surrounds the entrance to 
cavity 35. Backface 37 is located in a plane that is 
normal to the axis of bearing pin 1 5. 

10 In the embodiment shown in Fig. 1 , a nose 
button 39 is mounted in the base of cavity 35 for 
frictional contact with a mating inlay 40 mounted 
to the end of the shaft 1 5. Nose button 39 and 
inlay 41 are of harder metal than shaft 1 5 and 

15 cutter 31. A slot 41 formed in inlay 40 leads from 
the center to the side of inlay 40. 

A plurality of roller bearings 43, each cylindrical 
in shape, are mounted between a reduced 
diameter portion of shaft 1 5 and cavity 35. A 

20 second and larger diameter set of roller bearings 
45 are mounted between cavity 35 and shaft 1 5 
immediately inward from groove 1 7. Cutter 31 is 
retained on shaft 1 5 by a snap ring 47 located 
between the roller bearings 43 and 45. Snap ring 

25 47 fits within mating grooves of cutter 31 and 
shaft 1 5, as taught in U.S. Patent No. 4 236 764, 
issued to Edward M. Galle on December 2, 1 980, 
all of which material is incorporated by reference. 
Cutter 3 1 has a smooth, cylindrical seat 49 

30 formed in cavity 35 between roller bearings 45 
and backface 37. 

As shown in Fig. 2, O-ring 29 is squeezed 
between seat 49 and the incontractable 
supporting ring 23. O-ring 29 will also be under 

35 some axial pressure or squeeze between backup 
ring 27 and groove 21 . Backup ring 27 will be in 
contact with seat 49, but not under any significant 
radial compression. The particular amount of 
radial and axial squeeze is selected so as to 

40 provide adequate radial sealing between O-ring 
29 and cutter seat 49, and axial sealing between 
O-ring 29, groove 1 7 and backup ring 27. The 
squeeze, which is the percent of deformation with 
respect to transverse cross-sectional dimension in 

45 the relaxed condition, should be as low as possible 
to avoid excessive friction and heat. A pressure 
differential of about 50 — 60 psi (pounds per 
square inch) across 0-ring 29 between cavity 35 
and the bit exterior, and a temperature of about 

50 200°F (Fahrenheit) maximum are expected. The 
squeeze calculations must consider that under this 
maximum temperature O-ring 29 will 
volumetrically expand about six percent. Also, 
preferably the squeeze is less than with prior art, 

55 O-ring seals used in drill bits, such as taught in US 
Patent No. 3 397 928, which is currently about 1 7 
percent. 

The desired range of squeeze is calculated in a 
conventional manner, taking into consideration 

60 manufacturing tolerances. In one embodiment the 
radial squeeze is in the range from 4.6 to 1 0.2 
percent, and the axial squeeze is 0.3 to 6 percent 
before assembly. After assembly, the axial 
squeeze will increase since the radial interference 

65 will deform O-ring 29, pressing its sides outward. 



The embodiment of Fig. 1 has a cylindrical 
reservoir 51 sealed from the exterior by a cap 53 
retained in place by a retaining ring 55. A piston 
57 is slidably and reciprocally carried inside 
70 reservoir 51 . Piston 57 is sealed in reservoir 51 by 
an O-ring 59. Piston 57 has a cavity or socket 61 
on its upper side that mates with a socket 63 
formed in cap 53. A coil spring 65 fits within 
sockets 61 and 63 and urges piston 57 
75 downward. Spring 65 is shown compressed in Fig. 
1 and has the capacity to push piston 57 
downward into contact with the base of 
reservoir 51. 

A lubricant passage 67 extends downward 
80 through head section 1 3 from the base of 
reservoir 51 . Another lubricant passage 69 is 
located parallel with the axis of shaft 1 5 and 
extends from the bottom of passage 67 to the end 
of shaft 1 5 and through the inlay 40. An entrance 
85 port 7 1 extends from the exterior of head section 
1 3 to passage 67 for introducing lubricant into the 
reservoir 51 . Entrance port 7 1 is sealed by a 
removable plug 73. 

To assemble bit 1 1 , supporting ring 23 will be 
90 slipped over shaft 1 5 and inserted in groove 1 7. 
Backup ring 27 will be placed in groove 17 against 
outer sidewall 22. Then, O-ring 29 will be drawn 
over shaft 1 5 and inserted into groove 1 7 
between backup ring 27 and inner sidewall 21 . 
95 Roller bearings 43 and 45 will be placed in cavity 
35 of cutter 31 , and snap ring 47 will be placed in 
its groove within cutter cavity 35. Then the cutter 
is pushed over shaft 1 5 until snap ring 47 snaps 
into its mating groove in shaft 1 5. Cutter backface 

1 00 37 will be located slightly outward from groove 
1 7. The seat 49 in cutter cavity 35 will press and 
deform O-ring 29. 

The three head sections 1 3 with assembled 
cutters 31 are then welded together. Threads (not 

1 05 shown) are then machined on the top of the bit for 
securing to drill pipe. Piston 57 is placed in 
reservoir 51. Coil spring 65 is placed on top of 
piston 57 and cap 53 is secured in place. To fill 
with lubricant, normally a vacuum will be drawn 

1 1 0 on the system through port 7 1 . After the passages 
and spaces have been evacuated, lubricant is 
introduced through port 71 , filling reservoir 51 , 
passages 67, 69 and the spaces in cutter cavity 
35 between roller bearings 43, roller bearings 45 

1 1 5 and shaft 1 5. Some lubricant will be removed 
before running to allow for volumetric expansion 
of the lubricant with temperature increase. 

In operation, the bit shown in the figures will be 
secured to a section of drill pipe and used to drill 

1 20 blast holes for mining purposes. Air will be 

pumped down the drill string and through the bit 
out nozzles (not shown) for cooling, and removing 
cuttings. The Static pressure surrounding bit 1 1 at 
the bottom of the hole will be atmospheric. The bit 

125 will be rotated, with each cutter 31 rotating on 
each shaft 1 5. Similar bits having similar seal 
arrangements may be used in oil, gas, water and 
other mineral exploration drilling, and the drillling 
fluid may be a liquid instead of air. 

1 30 The outer circumference of O-ring 29 will be in 
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sliding contact with cutter seat 49. The pressure 65 
on the sides of 0-ring 29 between sidewall 2 1 and 
backup ring 27 will normally prevent supporting 
ring 23, O-ring 29 and backup ring 27 from 
5 rotating with respect to shaft 1 5, although some 

rotation may occur. If so, the inner side of O-ring 70 
29 would be in sliding contact with groove inner 
wall 21 and backup ring 27 in sliding contact with 
outer wall 22. Backup ring 27 will prevent cuttings 

1 0 from entering and contacting 0-ring 29. As cutter 

3 1 rotates, supporting ring 23 is free to move 75 
radially with respect to the axis of shaft 1 5 to 
accommodate radial and angular movement of 
cutter 31 with respect to shaft 1 5. This movement 

1 5 of supporting ring 23 allows O-ring 29 to stay in 

substantially the same amount of compression 80 
against seat 49, thus providing an effective seal 
against the entrance of external materials and 
sealing the lubricant 

20 Backup ring 27 cooperates with groove 1 7 to 

serve as means for pressing against the sides of 85 
O-ring 29 for sealing and to prevent movement of 
O-ring 29 along the axis of shaft 1 5. The backup 
ring 27 also helps prevent cuttings damage to 

25 O-ring 29. Piston 57 will maintain a positive 

pressure on the lubricant in the bearing areas. As 90 
lubricant is depleted because of frictional heat, 
piston 57 will move downward in reservoir 51 to 
maintain a supply of lubricant to the bearing areas. 

30 The invention has significant advantages. The 

seal means floats with respect to the shaft to 95 
accommodate wobbling of the cutter on the shaft 
and maintain an effective seal. The seal is simple 
in construction and easy to install. 

35 While the invention has been shown In only one 

of its forms, it should be apparent to those skilled 1 00 
in the art that it is not so limited but is susceptible 
to various changes and modifications without 
departing from the spirit of the invention. 

40 CLAIMS 105 

1 . In an earth boring bit of the type having a 
cutter rotatabiy mounted with bearings on a shaft, 
an improved seal means located in an annular 
groove provided between the cutter and shaft for 

45 sealing the bearings, comprising: a supporting ring 1 1 0 
located In the annular groove, defining an annular 
-space between the shaft and supporting ring and 
another annular space between the supporting 
ring and the cutter; an elastomeric ring located in 

50 one of the annular spaces and supported in radial 1 1 5 
sealing contact by the supporting ring, the other 
annular space being empty; the sides of the 
elastomeric ring being pressed into sealing 
contact preventing movement of the elastomeric 

55 ring along the axis of the shaft. 1 20 

2. In an earth boring bit of the type having a 
cutter rotatabiy mounted with bearings on a shaft, 
an improved seal means located in a groove 
formed in the shaft for sealing the bearings, 

60 comprising: a supporting ring located in the 125 
groove, the supporting ring having a minimum 
inner diameter larger than the inner diameter of 
the groove, to provide an annular clearance to 
allow the supporting ring to move radially with 



respect to the shaft; and an elastomeric ring 
located in an annular space provided in the groove 
between the supporting ring and the cutter and 
pressed against the cutter by the supporting ring; 
the sides of the elastomeric ring being pressed 
into sealing contact, preventing movement of the 
elastomeric ring along the axis of the shaft. 

3. In an earth boring bit of the type having a 
cutter rotatabiy mounted with bearings on a shaft, 
an improved seal means located in a groove 
formed in the shaft for sealing the bearings, 
comprising: a supporting ring located in the 
groove, the supporting ring being incontractable 
beyond a minimum inner diameter that is larger 
than the inner diameter of the groove, to provide 
an annular clearance to allow the supporting ring 
to move radially with respect to the shaft; and an 
elastomeric ring located in an annular space 
provided in the groove between the supporting 
ring and the cutter and pressed against the cutter 
by the supporting ring, the elastomeric ring having 
a cross-sectional width selected so as to provide 
sealing on the sides of the elastomeric ring when 
the cutter is assembled. 

4. In an earth boring bit of the type having a 
cutter rotatabiy mounted with bearings on a shaft, 
an improved seal means for sealing the bearings, 
comprising: a groove formed in the shaft with a 
rectangular cross-section and inner and outer side 
walls; a split supporting ring located in the groove, 
the supporting having an Incontractable minimum 
inner diameter that is larger than the inner 
diameter of the groove, defining an annular 
clearance to allow the supporting ring to move 
radially with respect to the shaft; and an 
elastomeric ring, circular in cross-section and 
located in an annular space provided between the 
supporting ring and the cutter and pressed by the 
supporting ring against the cutter; and means for 
pressing a side of the elastomeric ring into sealing 
contact with the groove, preventing movement of 
the elastomeric ring along the axis of the shaft. 

5. In an earth boring bit of the type having a 
cutter rotatabiy mounted with bearings on the 
shaft, an improved seal means located in an 
annular groove formed in the shaft for sealing the 
bearings, comprising: a supporting ring located in 
the groove, the supporting ring being 
incontractable when assembled in the groove and 
having an inner diameter larger than the inner 
diameter of the groove, defining an annular 
clearance; a backup ring located in the groove 
with an inner circumference in contact with the 
supporting ring and an outer circumference in 
contact with the cutter; and an elastomeric ring 
pressed against the cutter by the supporting ring 
and also pressed between the backup ring and the 
groove to provide sealing on the sides of the 
elastomeric ring. 

6. In an earth boring bit of the type having a 
cutter rotatabiy mounted with bearings on a 
depending shaft, an improved seal means for 
sealing the bearings, comprising in combination: 
an annular groove formed in the shaft with a 
rectangular transverse cross-section and inner and 



outer side walls; a split supporting ring located in 
the groove, the supporting ring being expansible 
and having a minimum inner diameter that is 
larger than the inner diameter of the groove, the 
5 supporting ring having a cross-sectional width 
slightly less than the cross-section width of the 
groove; a backup ring of elastomeric material 
located in the groove in contact with the outer 
side wall the inner circumference of the backup 

1 0 ring being in contact with the support ring and its 
outer circumference in contact with the cutter, the 
backup ring being rectangular in transverse cross- 
section; and an elastomeric ring of circular cross- 
section pressed against the cutter by the 

1 5 supporting ring and also pressed between the 
backup ring and the inner sidewali of the groove, 
to provide sealing of the sides of the elastomeric 
ring. 

7. An earth boring bit comprising in 
20 combination: a shaft depending from a head 



section; a cutter having a cavity received over the 
shaft; a plurality of generally cylindrical roller 
bearings mounted between the cutter and the 
shaft; a lubricant reservoir formed in the head 

25 section and having a passage leading to the 
exterior of the shaft for supplying lubricant to the 
cavity of the cutter; a piston reciprocally carried in 
the reservoir and having spring means for urging 
the piston toward the passage to push lubricant 

30 into the passage; an annular groove formed in the 
shaft at the intersection of the shaft with the head 
section; a supporting ring located in the groove, 
the supporting ring having an inner diameter 
larger than the inner diameter of the groove; and 

35 an elastomeric ring located in an annular space 
provided in the groove between the supporting 
ring and the cutter and pressed against the cutter 
by the supporting ring; the elastomeric ring having 
a cross-sectional width selected to provide sealing 

40 on the sides of the elastomeric ring. 
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